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PREFACE 
S p e c i a l i z a t i o n  i s  one of  t h e  foremost t r a i t s  of modern 
i n d u s t r i a l  development. Technical  and commercial f a c t o r s  have 
i n t e r a c t e d  t o  make l a rge - sca le  product ion more p r o f i t a b l e  than  
e a r l i e r .  This  process  has  been concomitant wi th  a  r eg iona l  
concen t ra t ion  of product ion a c t i v i t i e s  according t o  t h e  pre- 
v a i l i n g  comparative advantages.  Even l a r g e ,  and s t r o n g ,  econo- 
m i c  reg ions  tend  t o  have an i n s u f f i c i e n t l y  d i f f e r e n t i a t e d  econ- 
omy. I n  Tuscany, I t a l y ,  it i s  t h e  l e a t h e r ,  footwear,  and t e x t i l e  
i n d u s t r i e s  t h a t  c o n s t i t u t e  t h e  economic backbone of  t h e  reg ion .  
They a r e  complemented by, and compet i t ive  with ,  t h e  t r a d i t i o n a l  
t o u r i s t  i n d u s t r y .  
Technical  p rogress  and t h e  development of f a c t o r  c o s t s  have 
e n t a i l e d  a  s h i f t  i n  i n t e r n a t i o n a l  and i n t e r r e g i o n a l  comparative 
advantages.  Those i n d u s t r i e s  demanding only low-ski l led l a b o r  
have expanded i n  low c o s t  c o u n t r i e s  o r  reg ions .  How t h e s e  fac-  
t o r s  w i l l  a f f e c t  t h e  long-term development i s  a gene ra l  problem 
of  s t r o n g l y  s p e c i a l i z e d  r eg ions  i n  i n d u s t r i a l i z e d  c o u n t r i e s .  
Such ques t ions  a r e  a l s o  a t  t h e  core  of t h e  case  s tudy  of 
systems a n a l y s i s  f o r  r eg iona l  i n d u s t r i a l  development undertaken 
by t h e  Regional Development Group, I I A S A ,  i n  c o l l a b o r a t i o n  with  
t h e  Regional I n s t i t u t e  f o r  Economic Planning of Tuscany ( I R P E T ) .  
A t h i r d  p a r t y  i n  t h i s  c o l l a b o r a t i o n  i s  t h e  I n s t i t u t e  f o r  Applied 
Systems Analysis  ( I A S I )  of t h e  Nat ional  Research Counci l ,  Rome. 
I n  t h e  case  study, a  system of  economic f o r e c a s t i n g  and po l i cy  
eva lua t ion  models t h a t  address  t h e  above-mentioned development 
i s s u e s  a r e  being b u i l t .  The models have a  s t r o n g e r  emphasis on 
i n t e r r e g i o n a l  and i n t e r n a t i o n a l  dependencies than e a r l i e r  r eg iona l  
s t u d i e s .  kbreover, t he  r o l e  of  t h e  r eg iona l  a u t h o r i t i e s  i n  po l i cy  
genera t ion  and eva lua t ion  i s  more c l e a r l y  designed he re  than 
elsewhere.  The aim of t h e  work i s  t o  develop a  computerized model 
system f o r  more o r  less permanent use ,  wi th  a  d i r e c t  a p p l i c a b i l i t y  
t o  o t h e r  urbanized r eg ions  of t h e  Tuscany type .  
The Tuscany i n t e r r e g i o n a l  input-output model (TIM) described 
i n  t h i s  paper forms t h e  core of t h e  economic f o r e c a s t i n g  and 
pol icy-evaluat ion model system. TIM i s  a l i n e a r  s t a t i c  recur-  
s i v e  system of equat ions of small  dimensions t h a t  i s  intended 
a s  a t o o l  f o r  analyzing the  t r a d e  r e l a t i o n s  of Tuscany. Tuscany 
and t h e  Rest-of-I ta ly a r e  considered a s  two regions  i n  TIM. 
Each one is  l i nked  t o  t h e  r e s t  of t h e  world where expor ts  a r e  
exogenously determined. Foreign t r a d e  i s  taken i n t o  account by 
d i s t ingu i sh ing  between n a t i o n a l  and i n t e r n a t i o n a l  flows. Com- 
plementar i ty  and competit iveness of imports a r e  considered i n  
t h i s  model. 
Laxenburg, June 19  82 





THE TUSCANY INTERREGIONAL INPUT-OUTPUT 
MODEL (TIM) : MATHEMATICAL STRUCTURE 
AND PRELIMINARY RESULTS 
Dino M a r t e l l a t o  
1. THE SCOPE OF THE INTERREGIONAL INPUT-OUTPUT 
MODEL OF TUSCANY (TIM) 
The d e c i s i o n  t o  c a r r y  o u t  an in-depth s tudy  o f  t h e  l i n k a g e s  
o f  Tuscany wi th  t h e  r e s t  of  I t a l y  and t h e  world,  w i th  s p e c i a l  
r e f e r e n c e  t o  t r a d e  r e l a t i o n s ,  i s  based on two f a c t o r s .  The 
f i r s t  is t h a t  t r a d e  i s  extremely impor tan t  f o r  Tuscany. I t  
does n o t  make sense  to s..tudy--however a c c u r a t e l y - - i t s  economic 
system i n  i s o l a t i o n .  The second i s  t h a t  a  number of r e g i o n a l  
growth d i s p a r i t i e s  can be expla ined  simply by t h e  compet i t ive  
p o s i t i o n  of  t h e  e x p o r t  s e c t o r s  of  t h e  d i f f e r e n t  I t a l i a n  r eg ions .  
The i n c r e a s i n g  p o p u l a r i t y  of  i n t e r r e g i o n a l  input -ou tpu t  
a n a l y s i s  can be a t t r i b u t e d  t o  i ts  c a p a c i t y  t o  d e a l  wi th  t h e s e  
phenomena. I n  such an a n a l y s i s  t h e  emphasis i s  d i v e r t e d  from 
* 
t h e  movement of  p roduc t ion  f a c t o r s  t o  t h e  movement of  products. 
*1 t  c o n c e n t r a t e s  on t h e  e q u i l i b r a t o r y  ( o r  d i s e q u i l i b r a t o r y )  
e f f e c t s  of t h e  m o b i l i t y  of p roduc ts  r a t h e r  than  o f  t h e  produc- 
t i o n  f a c t o r s .  A s u r p l u s  r eg ion  o f t e n  h a s  a  more r a p i d  growth 
i n  ou tpu t .  The growth i n  p r o d u c t i v i t y  and t h e  i n t r o d u c t i o n  of 
innova t ions  w i l l ,  accord ing ly ,  be more s u s t a i n e d .  These f a c t o r s  
w i l l  enhance t h e  comparative advantage of  t h e  r eg ion  and proba- 
b l y  p o l a r i z e  t h e  m o b i l i t y  o f  l a b o r  and c a p i t a l .  
Furthermore, it i s  quite important  t o  pay a t t e n t i o n  t o  
t h e  ba lance  of  t r a d e  a t  t h e  r e g i o n a l  l e v e l ,  even i f  t h e r e  a r e  no 
problems f o r  a  ba lance  of paymentsin f o r e i g n  exchange. The 
r e g i o n a l  ba lance  of t r a d e  may be  s i g n i f i c a n t  from another  po in t -  
of-view. I t  may be a s s e r t e d  t h a t  t h e  t i g h t e r  t h e  t r a d e  l i n k a g e s ,  
t h e  s t r o n g e r  w i l l  be  t h e  i n s t a b i l i t y  of  a  system of  r eg ions .  
Because of  t h e  l a c k  of  a  f o r e i g n  exchange c o n s t r a i n t  and 
t h e  high r e g i o n a l  mob i l i t y  of  c a p i t a l ,  a  r eq ion  can become 
s t e a d i l y  i n  d e f i c i t .  Th i s  w i l l  n o t  n e c e s s a r i l y  be an advantage 
because i t s  d e f i c i t  ha s  t o  be m t e r b a l a n c e d  by income and c a p i t a l  
t r a n s f e r s .  The income t r a n s f e r s  a r e ,  however, u s u a l l y  channeled 
through t h e  p u b l i c  s e c t o r  and t h e  c a p i t a l  t r a n s f e r s  throuqh t h e  
c r e d i t  and p u b l i c  s e c t o r .  Th i s  means t h a t  t h e  c e n t r a l  ( t i g h t )  
f i s c a l  and monetary p o l i c i e s  w i l l  n o t  be s p a t i a l l y  n e u t r a l .  To 
summarize: 
-- it i s  u s e f u l  t o  c o n c e n t r a t e  on t r a d e  r a t h e r  than  
on f a c t o r  m o b i l i t y  because t h e  l a t t e r  may simply be  
a  r e s u l t  o f  t h e  former; 
-- t h e  s t r o n g e r  t h e  r e g i o n a l  c o n n e c t i v i t y ,  t h e  h ighe r  
t h e  i n s t a b i l i t y  of  t h e  system of r eg ions ;  
-- r e g i o n a l  t r a d e  may b e  permanently imbalanced and 
t h i s  means cumulat ive  growth i n  t h e  s u r p l u s  r eg ions  
and/or non- spa t i a l  n e u t r a l i t y  of f i s c a l  and monetary 
p o l i c i e s .  
The main focus  of t h e  a n a l y s i s  c a r r i e d  o u t  w i th  t h e  i n t e r -  
r e g i o n a l  input -ou tpu t  model w i l l  then  be  on t h e  t r a d e  l i n k a g e s  of  
Tuscany. This  means t h a t  from t h e  o u t s e t  of  t h e  a n a l y s i s  cons i s -  
t ency  between produc t ion  and t r a d e  w i l l  be  embedded i n  t h e  model.* 
I n  t h e  fo l lowing  s t a g e  of t h e  a n a l y s i s ,  more a t ten t im w i l l  be given 
t o  cons i s t ency  between produc t ion  and f i n a l  i n t e r n a l  demand. Under- 
l y i n g  t h i s  approach is  t h e  assumption t h a t  t h e  i n t e r n a l  l e v e l  of  
economic a c t i v i t y  i s  strongly connected wi th  t rade,  wh i l e  consumption 
and investment show weaker l i nkages  w i th  t h e  l e v e l  o f  p roduc t ion .  
I n t e r n a l  consumption is  indeed dependent a l s o  on income t r a n s f e r s ,  
and investment  may c e r t a i n l y  be p u l l e d  by t h e  l e v e l  o f  c u r r e n t  
* 
The model w i l l  have a  s imul taneous s o l u t i o n  on ly  f o r  
p roduc t ion  and t r a d e ,  w i th  a  given exogenous demand. 
produc t ion ,  b u t  would t end  t o  have a  h igh  import  c o n t e n t .  
Thus, t h e  b u i l d i n g  of an i n t e r r e g i o n a l  input -ou tpu t  model w i th  
a s t r o n g  o r i e n t a t i o n  t o  t h e  a n a l y s i s  o f  t r a d e  r e l a t i o n s  i s  ex- 
pected t o  r e q u i r e  a  cons ide rab le  amount o f  in format ion  on t h e  
t r a d e  r e l a t i o n s  of t h e  r eg ion  (Cava l ' i e r i  1980) . 
A t  t h e  p r e s e n t  t i m e ,  however, t h i s  in format ion  is  n o t  
a v a i l a b l e  i n  s u f f i c i e n t  de ta i l ,  p a r t i c u l a r l y  f o r  t r a d e  wi th  
* 
t h e  rest of I t a l v .  IRPET w i l l ,  i n  any case ,  produce t h e  
necessary  b a s i c  s t a t i s t i c s  w i th  i t s  d i r e c t  innut -ou tpu t  t a b l e  
f o r  1978. A s  r ega rds  f o r e i g n  t r a d e ,  cons ide rab le  improvements 
w i th  r e s p e c t  t o  t h e  1975 t a b l e  have a l r e a d y  been ob ta ined  wi th  
t h e  i n d i r e c t  1977 input -ou tpu t  t a b l e ,  whi le  f u r t h e r  i n s i g h t s  
w i l l  a l s o  be provided by t h e  c u r r e n t  r e s e a r c h  done by I R P E T .  
Because t h e  i n t e r r e g i o n a l  input -ou tpu t  model f o r  Tuscany 
(TIM) i s  in tended  as a t o o l  f o r  both account ing and p o l i c y  
a n a l y s i s ,  it has  t o  accep t  t h e  s t a t i s t i c a l  convent ions  used by 
t h e  c u r r e n t  system o f  n a t i o n a l  accounts .  I t  should a l s o  
p r e s e n t  i t s  r e s u l t s  i n  a  way t h a t  i s  c l e a r  t o  t h e  po l icy-  
maker. 
This  means t h a t  t h e  t r e a t m e n t  of imports  and produc t ion  a t  
a r e g i o n a l  l e v e l  dese rves  much a t t en t ion ,because  w e  have t o  
choose between a  number of  account ing procedures  t h a t  have d i f -  
f e r e n t  e f f e c t s  on t h e  m u l t i p l i e r s .  The use fu lnes s  o f  t h e  model 
f o r  po l i cy  a n a l y s i s  rests n o t  on ly  on i t s  a b i l i t y  t o  r e p r e s e n t  
t h e  a c t u a l  working of  t h e  system a c c u r a t e l y ,  bu t  a l s o  on t h e  
seemingly minor account ing c h a r a c t e r i s t i c s  given t o  t h e  model. 
For import  f lows,  f o r  i n s t a n c e ,  w e  have a range o f  s o l u t i o n s .  
I f ,  from t h e  ou t se t ,  w e  a r e  a b l e  t o  make a  d i s t i n c t i o n  between 
what i s  produced i n t e r n a l l y  and what i s  imported,  w e  can accom- 
modate a l l  t h e  imports  i n  a  row a t  t h e  bottom of t h e  i npu t -  
ou tpu t  t a b l e .  I n  t h i s  c a s e ,  w e  can make a  pure  cmolementarity 
hypo thes i s ,  which enab le s  t h e  a c t u a l  i n t e r n a l  impact of  t h e  l e v e l  
o f  p roduc t ion  t o  be measured. This solution has, however, two draw- 
backs: insomuch a s  p a r t  of t h e  imports  a r e  compet i t ive  i n  n a t u r e ,  
* 
IRPET i s  t h e  acronym f o r  I s t i t u t o  Regionale per  l a  
Programmazione Economica d e l l a  Toscana. The i n s t i t u t e  i s  
l o c a t e d  i n  Florence,  I t a l y .  
t h e  computed column c o e f f i c i e n t s  w i l l  be  u n s t a b l e ;  fur thermore,  
i ts  s t a t i s t i c a l  requirements  a r e  q u i t e  demanding. Conversely,  
i f  w e  cons ide r  a l l  t h e  i n t e rmed ia t e  f lows,  d i s r e g a r d i n g  
t h e i r  geographica l  o r i g i n ,  t h e  computed c o e f f i c i e n t s  a r e  more 
s t a b l e  and t h e  s t a t i s t i c a l  requirements  a r e  reduced.  
I n  t h i s  pu re ly  compet i t ive  hypo thes i s ,  however, w e  have 
t o  s u b t r a c t  from t h e  exogenous vec to r  of f i n a l  demand t h e  v e c t o r  
of  t o t a l  imports .  The i m p l i c a t i o n  i n  t h i s  c a s e  is c l e a r :  w e  have 
t o  f o r e c a s t  exogenously t h e  l e v e l  of imports  by s e c t o r ,  which i s  
t h e  s o l u t i o n  t h a t  i s  expected from t h e  model. The b a s i c  i dea  of 
t h e  i n t e r r e g i o n a l  input -ou tpu t  model i s  e x a c t l y  t h i s :  t o  s p e c i f y  
a p p r o p r i a t e  s i d e  c o n d i t i o n s  i n  o r d e r  t o  make i n t e r r e g i o n a l  imports  
and fo re ign  imports  endogenous. The model has  a l s o  t o  make an 
unbiased s p l i t  o f  t o t a l  imports  i n t o  r e g i o n a l  and fo re ign  imports  
i f  t h e  a v a i l a b l e  d a t a  does  n o t  d i s t i n g u i s h  between i n t e r r e g i o n a l  
and i n t e r n a t i o n a l  t r a d e ,  a s  occurs  o f t e n .  
* S i m i l a r  arguments can be p u t  forward f o r  p roduc t ion  . When 
w e  r e f e r  t o  a  s i n g l e  v e c t o r ,  i t s  e f f e c t i v e  produc t ion  ( x )  is d i f -  
f e r e n t  from i t s  d i s t r i b u t e d  produc t ion  (9) by an amount (2) equa l  
t o  t h e  va lue  o f  i t s  by-products and jo in t -produc ts :  
For t h e  r eg ion  a s  a  whole, t h e r e  is  no d i f f e r e n c e  because 
t h e  t r a n s f e r s  of p roduc t ion  between s e c t o r s  simply sum t o  
zero .  The d i s t i n c t i o n  i s  r e l e v a n t  f o r  t h e  computation of  Leon- 
t i e f  c o e f f i c i e n t s  f o r  t h e  d i f f e r e n t  s e c t o r s .  I f  w e  compute t h e s e  
c o e f f i c i e n t s  ove r  d i s t r i b u t e d  produc t ion ,  t h e  i n t e r m e d i a t e  consump- 
t i o n  i s  Ep, and t h e  equ i l i b r ium r e l a t i o n  f o r  d i sposab le  r e sou rces  
has  an obvious s o l u t i o n .  I n  t h i s  c a s e ,  t h e  v e c t o r  of  t r a n s f e r s  
of  product ion does  n o t  appear  i n  t h e  model, b u t  we cannot  c a l l  
t h e  e lements  of A t e c h n i c a l  c o e f f i c i e n t s .  
* 
W e  d i s r e g a r d  imports  f o r  t h e  monent. 
We can compute such c o e f f i c i e n t s  only over t h e  e f f e c t i v e  
production, but  t h e  equi l ibr ium i d e n t i t y  is s t i l l  def ined  f o r  
d i s t r i b u t e d  production. The system of equat ions 
can be solved only i f  we i n s e r t  d e f i n i t i o n  ( 1 ) :  
- 1 
x = ( I -A)  ( f -z)  . (2 
This is  c e r t a i n l y  more s t a b l e  than t h e  preceding r e l a t i o n  
because t h e  matr ix  (I-A) i s  a t r u e  Leontief inve r se .  Never- 
t h e l e s s ,  it can be used f o r  fo recas t ing  purposes only i f  one 
has a  f o r e c a s t  f o r  f  and f o r  z. 
A r a t h e r  crude assumption of homogeneity w i l l  be made i n  
t h e  following 
which allows us t o  circumvent the  d i f f i c u l t y  i n  ob ta in ing  a  fore- 
c a s t  f o r  x ,  because t h e  diagonal  matr ix  Z i s  simply kept  f ixed  
a t  i t s  h i s t o r i c a l  l e v e l .  
A t h i r d ,  and more d i f f i cu l t ,p rob lem i s  encountered when 
cons t ruc t ing  an input-output model from an input-output t a b l e  
b u i l t  according t o  t h e  so-cal led EEC methodology. It  i s  t h e  
t reatment  of t h e  s e c t o r a l  input  of credit services. Their  amount, 
which i s  cons iderable ,  is n o t  d i s t r i b u t e d  among t h e  rows, but  
i s  kept  i n  a  dummy column a s  intermediate  consumption. The 
dummy indus t ry  then has a  negat ive value added and a  zero pro- 
duct ion.  I n  t h i s  way t h e  n a t i o n a l  value i s  cor rec ted  f o r  i ts 
p o s i t i v e  b i a s  due t o  t h e  f a c t  t h a t  t h e  in termedia te  consumption 
of t h e  n-1 s e c t o r s  i s  negat ive ly  biased.  This i s ,  however, only 
an accounting trick,which does no t  he lp  t h e  modeler because he 
has t o  choose between two i l l -posed  a l t e r n a t i v e s :  i n v e r t  a  
rec tangular  [n ( n + l ) ]  matr ix ,  o r  a f t e r  consol ida t ion  of t h e  
c r e d i t  column with t h e  dummy column, i n v e r t  a  square matrix, 
which i s  no longer  a  Leontief matrix.  The c o e f f i c i e n t s  of t h e  
c r e d i t  column indeed add up t o  a  number g r e a t e r  than one, t h e  
inverse  is  no longer  non-negative everywhere and t h e  s o l u t i o n  
v e c t o r  may b e  n e g a t i v e  i n  some o f  i t s  e l e m e n t s .  W e  choose t o  keep 
t h e  v a l u e  o f  t h e  dummy column o u t  of  t h e  i n v e r t i b l e  matrix. Then 
w e  s o l v e  t h e  model f o r  t h e  r e f e r e n c e  y e a r  (1975) in the usual way and 
check t h e  p r o d u c t i o n  o b t a i n e d  w i t h  t h e  known v e c t o r .  The d i s c r e -  
pancy (which i s  always  n e g a t i v e  and i n  most c a s e s  n e g l i g i b l e )  
gives a  clear measure o f  t h e  b i a s  o f  t h e  computed m u l t i p l i e r s .  
They are t h e n  c o r r e c t e d  by a  c o e f f i c i e n t ,  g r e a t e r  t h a n  u n i t y ,  
e q u a l  t o  t h e  b i a s  and k e p t  c o n s t a n t  a l o n g  rows. I n  t h i s  way, 
unb iased  L e o n t i e f  m u l t i p l i e r s  c a n  b e  o b t a i n e d  from b i a s e d  i n t e r -  
i n d u s t r y  f lows .  
2. FROM THE LIMITED INFORMATION TABLE TO THE FULL INFORMATION 
TABLE WITH A TOP-DOWN APPROACH 
The purpose  o f  TIM from a p u r e  accountancy point-of-view i s  
t o  b u i l d  ( f i r s t l y  f o r  1975, and i n  t h e  f u t u r e  f o r  1978) a f u l l  
i n f o r m a t i o n  (FI) sys tem o f  i n p u t - o u t p u t  t a b l e s  f o r  Tuscany and 
t h e  rest of  I t a l y .  
Before  d e f i n i n q  f u l l  ( o r  l i m i t e d )  i n f o r m a t i o n  t a b l e s ,  
it i s  u s e f u l  t o  n o t e  t h a t  b o t h  f o r  1975 and 1978 a top-down 
approach w i l l  b e  u s e d ,  t h e  d i f f e r e n c e  b e i n g  t h a t  i n  t h e  
l a t t e r  c a s e  t h e  amount o f  f r e s h  d a t a  g a t h e r e d  a t  t h e  r e g i o n a l  
l e v e l  i s  much g r e a t e r .  
For  1975, IRPET h a s  deve loped  a  l i m i t e d  i n f o r m a t i o n  ( L I )  
t a b l e  (MIT 75) by r e g i o n a l i z i n g  a c o r r e s p o n d i n g  n a t i o n a l  t a b l e  
f o r  1974 on t h e  b a s i s  o f  some i n d i r e c t  i n f o r m a t i o n  a t  t h e  
r e g i o n a l  l e v e l  ( M a r l i a n i  1 9 8 1 ) .  W e  t h e n  computed r e s i d u a l l y  
t h e  t a b l e  f o r  t h e  rest o f  t h e  c o u n t r y  ( F i g u r e  1 ) .  
IRPET t h e n  e s t i m a t e d  t h e  t a b l e  f o r  1977 (see F i g u r e  1 ) .  
U n f o r t u n a t e l y ,  t h e  n a t i o n a l  t a b l e  f o r  1977 w i l l  n o t  become 
a v a i l a b l e ;  t h e  c o n s t r u c t i o n  o f  a n  LI b i r e g i o n a l  t a b l e  f o r  t h e  
y e a r  w i l l  t h e r e f o r e  b e  imwoss ib le .  The 1977 t a b l e  w i l l ,  how- 
ever,  be used f o r  a  s e n s i t i v i t y  a n a l y s i s  o f  t h e  model (TIM 75)  
b u i l t  upon t h e  1975 d a t a  b a s e .  
IRPET i s  c u r r e n t l y  b u i l d i n g  a  d i r e c t  t a b l e  f o r  t h e  y e a r  
1978. When t h e  c o r r e s p o n d i n g  o f f i c i a l  n a t i o n a l  t a b l e  becomes 
a v a i l a b l e ,  t h e  L I  t a b l e  and t h e  c o r r e s p o n d i n g  model (TIM 78) 
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F i g u r e  1.  The d e r i v a t i o n  o f  TIM 1975. 
implemented f o r  1975. I t  i s  now c l e a r  why t h e  a n a l y s i s  
rests on a  top-down approach f o r  1975: both r e g i o n a l  t a b l e s  
a r e  obtained from a  break-down of t h e  n a t i o n a l  t a b l e .  
W e  w i l l  now c l a r i f y  t h e  t e r m s  l imi t ed  informat ion  ( L I )  
and f u l l  in format ion  (F I )  t a b l e s  (see Table 1) . 
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I n  an L I  b i r e g i o n a l  system of t a b l e s ,  product ion i n  everv 
s e c t o r  of every reg ion  i s  eaual  t o  t o t a l  in te rmedia te  and f i n a l  
demand i n  t h e  reg ion  (d i s rega rd ing  aeographical  o r i g i n )  p l u s  
expor t s  t o  t h e  o t h e r  reg ion  and p l u s  expor t s  abroad.  
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It  i s  now c l e a r  why an FI t a b l e  g i v e s  much more in format ion  on 
t h e  i n t e r n a l  p roduc t ion  s t r u c t u r e  and on t r a d e  f lows between 
reg ions .  Consider ing,  fur thermore,  t h a t  a  p a r t  o f  r e g i o n a l  
t r a d e  i s  a c t u a l l y  a  k ind  of  i n d i r e c t  f o r e i g n  t r a d e ,  w e  w i l l  
a l s o  t r y  t o  d i s e n t a n g l e  t h i s  component i n  t h e  FI  t a b l e .  The 
r e s u l t  i s  a break-down f o r  one yea r  between t h e  two r e g i o n s  of  
a l l  t h e  cons idered  economic aggrega tes .  
The p o s s i b i l i t y  o f  t rans forming  t h e  L I  t a b l e  i n t o  an FI  
t a b l e  rests b a s i c a l l y  on t h e  a v a i l a b i l i t y  of  t h e  i n t e r r e g i o n a l  
t r a d e  f lows.  The e s t i m a t i o n  of  t h e s e  f lows i s  n o t  p o s s i b l e ,  
however, i f  i n t e r r e g i o n a l  shipments a r e  n o t  s t a t i s t i c a l l y  
observed.  Th i s  i s  why IRPET has  de r ived  a  v e c t o r  o f  n e t  
r e g i o n a l  t r a d e  ba lances  on ly .  The v e c t o r  has  been ob ta ined  
simply as a r e s i d u a l ,  t a k i n g  as a cons t ra in t  o f f i c i a l  r e g i o n a l  
economic accounts  and data on f o r e i g n  t r a d e ,  which means t h a t  
t h e  r e s i d u a l  i s  g r o s s  o f  inventory  change and i n d i r e c t  t a x e s  
On fo re ign  imports  (Mar l i an i  1 9 8 1 ) .  IRPET has  an estimate 
of t h e  g r o s s  a b s o l u t e  va lue  o f  i n t e r r e g i o n a l  e x p o r t s  and imports  
t h a t  w i l l  be used i n  t h e  f i r s t  implementation o f  TIM. The 
methodology used i n  t h i s  e s t i m a t i o n  w i l l  be cons idered  i n  Sec- 
t i o n  5 i n  connec t ion  wi th  an i l l u s t r a t i o n  of t h e  p o s s i b i l i t i e s  
f o r  improving t h e  estimate of  t r a d e  c o e f f i c i e n t s .  
3 .  THE CHOICE OF MODEL 
W e  can now p r e s e n t  t h e  s t r u c t u r e  o f  t h e  i n t e r r e g i o n a l  model 
based on t h e  s t a t i s t i ca l  in format ion  d i s c u s s e d  above. F i r s t ,  
w e  have t o  dec ide  what should  be cons idered  a s  exogenous and 
what should be endogenous i n  t h e  model. Then, w e  have t o  choose 
between a f i x e d  trade p a t t e r n  coupled wi th  a f l e x i b l e  p roduc t ion  
p a t t e r n  and a f l e x i b l e  t r a d e  p a t t e r n  coupled wi th  a f i x e d  pro- 
duc t ion  p a t t e r n .  The f i r s t  p o i n t  obviously  depends upon t h e  
degree  of interaction w= wish t o  develop i n  t h e  model a t  t h e  present 
t i m e .  I t  should be mentioned t h a t  t h i s  degree  w i l l ,  f o r  t h e  
moment, be w e l l  below t h a t  of t h e  cons i s t ency  w e  d e s i r e  f o r  t h e  
f o r e c a s t s .  The reason  be ing  t h a t  t h i s  degree  of  cons i s t ency  
r e q u i r e s  t h e  s o l u t i o n  of  a  c o n s i s t e n t  s e t  of models, which 
* 
a r e  c u r r e n t l y  being developed. 
The second problem has s t r o n g  connect ions  wi th  t h e  s p e c i f i c  
economic con tex t  wi th  which w e  have t o  d e a l .  I f  w e  have t o  f a c e  
a  s i t u a t i o n  of f u l l  u t i l i z a t i o n  of  c a p a c i t y ,  it seems more ap- 
p r o p r i a t e  t o  have a  f ixed-output f l e x i b l e - t r a d i n g  p a t t e r n  i n  t h e  
model. But i f  t h e  economy i s  running below i t s  p o t e n t i a l ,  w e  
must r e s o r t  t o  a  f l ex ib le -ou tpu t  w i th  a  f ixed- t rad ing  p a t t e r n  
(Mar te l l a to  1981 ) . I n  t h i s  case ,  t h e  f ixed - t r ad ing  p a t t e r n  i s  
simply t h e  observed (almost i n d i r e c t l y )  p a t t e r n  of r eg iona l  t r a d e .  
A t  t h e  p r e s e n t  s t a g e  of t h e  s tudy ,  w e  a r e  on ly  prepared t o  
make product ion,  r e g i o n a l  t r a d e ,  fo re ign  imports and employment, 
which a r e  t h e  s t anda rd  f e a t u r e s  of an i n t e r r e g i o n a l  input -output  
model, endogenous. However, a s  mentioned p rev ious ly ,  t h e  on- 
going r e sea rch  on t h e  Tuscany case  s tudy should a l low us  t o  
develop a  system of models f o r  f o r e c a s t i n g  e x p o r t s  abroad,  
consumption, and t h e  supply of l abor .  
I n  t h e  con tex t  of  t h e  s p e c i f i c  submodel presented  i n  t h i s  
paper,  more a t t e n t i o n  w i l l  be given i n  t h e  f u t u r e  t o  t h e  endo- 
.genous t rea tment  of p r i v a t e  investment and t o  t h e  r e l a t i o n  of 
t h e  s t a b i l i t y  assumption of t r a d e  c o e f f i c i e n t s .  
Thus, w e  w i l l  s t a r t  wi th  a  f l ex ib le -ou tpu t  and f ixed- t rade  
p a t t e r n  model o f  t h e  Chenery-Moses family.  E s s e n t i a l l y ,  w e  have 
a  set  of  supply equa t ions ,  a  set of demand equat ions ,  and a  set  
of r eg iona l  t r a d e  ba lances .  
W e  use t h e  fol lowing n o t a t i o n  f o r  v e c t o r s  ( smal l  le t ters)  
and mat r ices  ( c a p i t a l  l e t t e r s )  : 
x = e f f e c t i v e  product ion;  
f  = i n t e r n a l  f i n a l  demand p l u s  expor t s  abroad; 
m = f o r e i g n  imports ;  
g = f - m ;  
*we r e f e r  t o  models f o r  t h e  l a b o r  market, f o r  fore ign  
expor t s ,  f o r  consumption and f o r  investment ,  which should be 
appended t o  t h e  i n t e r r e g i o n a l  model. 
d  = t o t a l  demand ( n e t  o f  r e g i o n a l  e x p o r t s ) ;  
A = a  t e c h n i c a l  c o e f f i c i e n t s  i n  r e g i o n  s ;  
'ij s 
B = {ibts) r e g i o n a l  t r a d e  c o e f f i c i e n t s :  
z = { z ) c o r r e c t i o n  c o e f f i c i e n t s  f o r  e f f i c i e n t  i s 
p r o d u c t i o n  i n  r e g i o n  s; 
S ,  t I  r = r e g i o n s ;  
i I j  = s e c t o r s .  
The s u p p l y  e q u a t i o n s  f o r  Tuscany (t) and f o r  t h e  rest o f  
I t a l y  ( r )  are: 
The demand e q u a t i o n s  are: 
w h i l e  t h e  v e c t o r  o f  t r a d e  b a l a n c e s  is:  
A t  t h i s  s t a g e ,  w e  n o t e  t h a t  f o r e i g n  t r a d e  h a s  r e c e i v e d  
o n l y  s c a n t  a t t e n t i o n  and,  p a r t i c u l a r l y ,  t h a t  a l l  f o r e i g n  i m -  
p o r t s  are exogenous a s  i f  t h e y  w e r e  a l l  c o m p e t i t i v e .  C l e a r l y ,  
t h e  model s h o u l d  be more s o p h i s t i c a t e d  from t h i s  poin t -of -v iew 
t o  a l l o w  a  s e n s i b l e  a n a l y s i s  o f  a  r e g i o n  such a s  Tuscany. Sec- 
t i o n  4 w i l l  b e  d e v o t e d  t o  an  improved t r e a t m e n t  o f  f o r e i g n  t r a d e .  
I n t e r r e g i o n a l  t r a d e  w i l l  a l s o  b e  ana lyzed  below i n  more d e t a i l .  
I n  t h e  p r e s e n t  f o r m u l a t i o n  o f  t h e  model, w e  u t i l i z e  a s i m -  
p l i f i e d  t r e a t m e n t  o f  sh ipments  between r e g i o n s .  T h i s  i s  because  
o f  t h e  s e v e r e  l i m i t a t i o n  on s t a t i s t i c a l  i n f o r m a t i o n  a v a i l a b l e .  
Two b a s i c  assumpt ion  a r e  made. The: s h i ~ m e n t s  o f  goods f o r  consump- 
t i o n  ( b o t h  f i n a l  and i n t e r m e d i a t e )  and f o r  i n v e s t m e n t  a r e  assumed 
t o  show a common p a t t e r n .  The supply p a t t e r n  of reg ion  t t o  
reg ion  r i s  t h e  same f o r  each product ionsec tor .  
The r e s u l t i n g  mat r ix  B i s  then formed by d iagonal  blocks.  
This  impl ies  t h a t  f o r  every s e c t o r  i w e  have a  s h a r e  submatrix 
of fou r  c o e f f i c i e n t s  wi th  u n i t y  column sums. 
I t  would be i n t e r e s t i n g  t o  check t h e  robus tness  of t h e  
r e s u l t s  with  r ega rds  t o  t h i s  s p e c i f i c a t i o n  of t h e  t r a d i n g  p a t t e r n ,  
i f  t h e  r e s u l t s o f  t h e  survey f o r  t h e  d i r e c t  t a b l e  w e r e  a l r eady  
a v a i l a b l e .  Although s imple,  t h i s  t r ea tmen t  of r eg iona l  t r a d e  has  
some i n t e r e s t i n g  p r o p e r t i e s .  
By combining t h e  demand and supply equat ions:  
one can observe t h a t  t h e  l a s t  term of both equa t ions  impl ies  (by 
t h e  d e f i n i t i o n  of f t  and f r )  t h a t  a  f o r e i g n  expor t  of one reg ion  
can be s u s t a i n e d  simply by an import from t h e  o t h e r .  
This i s  t h e  case  f o r  imports  from abroad. I f  we cons ider ,  
f o r  i n s t a n c e ,  t h e  term b t r  m r i n  t h e  f i r s t  equa t ion ,  w e  can observe 
t h a t  i f  product ion i n  reg ion  t i s  discont inued  (bv an assump- 
t i o n  of  comparative advantages) ,  t h e  demand of reg ion  t can s t i l l  
be sus t a ined  by imports from reg ion  r i f  btr i s  n o t  zero .  This  
p o s s i b i l i t y  could be very important  i f  t h e  model w e r e  implemented 
with  d a t a  obtained from reg iona l  t r a d e  s t a t i s t i c s .  But t h i s  i s  
n o t  t h e  case  f o r  t h e  p r e s e n t  vers ion  of t h e  model. Besides ,  it i s  
important  t o  no te  t h a t  a  b i a s  a r i s e s  i n  t h e  arrangement of customs 
s t a t i s t i c s ,  i n  which it cannot be a sce r t a ined  whether a  flow ob- 
served i n  reg ion  t i s  a c t u a l l y  p e r t i n e n t  t o  another  reg ion  r. 
Furthermore, t h e r e  i s  room f o r  some improvements, t o  be 
used i n  Sec t ion  4 ,  i n  a t  l e a s t  two aspec t s .  The hypothes is  of 
pure compet i t iveness  of fo re ign  imports,  f o r  i n s t a n c e ,  can be 
removed wi th  appropr i a t e  func t ions .  There i s ,  i n  equat ion  (8) the 
p o s s i b i l i t y  of a  s h o r t  c i r c u i t  on fo re ign  t rade :  t h e  flow of 
imports  bttmt + btrmr can produce expor t s  abroad,which a r e  in -  
c luded,  by d e f i n i t i o n ,  i n  dt  and f t .  This is however a  minor 
problem. 
The c a u s a l  s t r u c t u r e  of t h e  model i s  shown i n  F igu re  2 .  
Figure  2. Causal  s t r u c t u r e  of t h e  s i m p l e s t  v e r s i o n  of TIM 75 
(t = Tuscany, r = t h e  rest of I t a l y ) .  
From F igu re  2, it i s  now c l e a r  t h a t  f o r  a given exogenous 
f i n a l  demand and f o r e i g n  t r a d e  v e c t o r  and f o r  a g iven o r  f i x e d  
t r a d i n g  p a t t e r n  B ,  t h e  model g i v e s  cons i s t ency  between produc t ion  
and i n t e r r e g i o n a l  shipments.  
4. THE TREATMENT OF FOREIGN TRADE W I T H I N  THE INTERREGIONAL 
INPUT-OUTPUT MODEL 
I f  a l l  f o re ign  imports  a r e  i n  f a c t  compet i t ive ,  w e  a r e  a l -  
lowed t o  keep t h e  corresponding va lue  exogenous, and t h e  s o l u t i o n  
f o r  e f f e c t i v e  produc t ion  is  simply: 
Here we can observe t h a t  whi le  t h e  n e g a t i v e  d i r e c t  e f f e c t  on 
t h e  produc t ion  of  r eg ion  t of a c e r t a i n  amount of compet i t ive  
impor t s  is  given by ( b  m +b m ), i t s  t o t a l  n e g a t i v e  e f f e c t  is  tt t t r  r 
( b  n +b m ) where htt i s  t h e  upper l e f t  htt (bttmt+btrmr) + htr rtm t rr r 1 
block of the partitioned inverse H = [I-(BA-Z) I-' and htr i s  t h e  up- 
pe r  r i g h t  block.  This  kind of model can be used f o r  f o r e c a s t i n g  
purposes on ly  i f  it is  p o s s i b l e  t o  know i n  advance t h e  v e c t o r  m ,  
which is a p a r t  of t h e  s o l u t i o n .  This  could  be a problem i f  one 
does no t  have a v a i l a b l e  a submodel w i th  which t o  o b t a i n  a fore-  
cast f o r  m, f o r  a g iven  pa th  of t h e  terms of  t r a d e ,  and f o r  a 
g iven  pa th  of p roduct ive  capac i ty .  * 
Because ( 9 )  is  t h e  f i r s t  s o l u t i o n  of  t h e  model, it is neces- 
s a r y  t o  cons ide r  t h e  e f f e c t s  of hypothes i s  ( 3 )  on t h e  e x i s t e n c e  
of  t h e  i n v e r s e  H.  Normally, t h e  d iagonal  ma t r ix  Z should have 
s m a l l  f i g u r e s  i n  r e l a t i o n  t o  those  of t h e  t e c h n i c a l  ma t r ix  A and, 
consequently, t h e r e  should n o t  be  a v i o l a t i o n  of  mathematical  con- 
d i t i o n s  f o r  the e x i s t e n c e  of an i n v e r s e  H wi th  non-negative 
elements only.  
For t h e  s e c t o r s  where t h e r e  a r e  s i g n i f i c a n t  secondary pro- 
d u c t s  (z i  is n e g a t i v e ) ,  t h e  r e s u l t i n g  d iagonal  element may be 
s m a l l  when compared wi th  t h e  corresponding row elements .  
I n  t h i s  c a s e ,  t h e  i n v e r t i b l e  ma t r ix  t ends  t o  have a less 
dominant p o s i t i v e  p r i n c i p a l  d iagonal  and, thus ,  t o  have a less 
r a p i d  convergence r a t e  i n  t h e  i t e r a t i v e  s o l u t i o n ,  b u t  should 
always have an i n v e r s e  wi th  non-negative e lements .  W e  no te  t h a t  
t h e  Leont ief  ma t r ix  ob ta ined  from t h e  Tuscany and r e s t - o f - I t a l y  
t a b l e s  i s  r e d u c i b l e .  Th i s  impl ies  t h a t  some elements of t h e  
Leont ie f  i n v e r s e  are zero.  
The pure  compet i t ion hypothes i s  i s  n o t  very real is t ic  because 
s e v e r a l  r e sources  a r e  produced n e i t h e r  i n  t h e  r eg ion  considered 
nor  i n  t h e  o t h e r  r eg ions  and, t h e r e f o r e ,  have t o  be i m ~ o r t e d .  
The model wi th  f o r e i g n  complementary imports  on ly  i s :  
( I+Z)x  = B(Ax+f) - MBAx - NBq , (10) 
where M and N are diagonal  ma t r i ce s  of  c o e f f i c i e n t s  and q i s  t h e  
f i n a l  demand f  n e t  of expor t s  abroad e. 
*when demand i s  h ighe r  t han  c a p a c i t y ,  t h e r e  w i l l  be more 
imports  from abroad. 
The s o l u t i o n  is: 
x  = [I+z-(I-M)BA]-I [ ( I - N )  Bf+NBe] . (11)  
T h i s  model shows a h i g h e r  degree  of  endogene i ty  even i f  t h e  
m u l t i p l i e r s  of t h e  new i n v e r s e  are smaller t han  t h o s e  computed 
i n  ( 9 ) .  For a given v e c t o r  x  h e r e  w e  have a c t u a l l y  smaller mul t i -  
pliers w i t h  a h i g h e r  f i n a l  demand. A more rea l i s t ic  s o l u t i o n  i s  
t h e  mixed one  where b o t h  compe t i t i ve  and complementary impor t s  
are p r e s e n t .  Thus, t h e  sys tem of  equa t i ons :  
( I+Z)x  + MBAx + NBq + B m =  BAx + Bf , 
h a s  t h e  s o l u t i o n :  
x  = [I+z- ( I -M) BA]-' [ ( I - N )  Bf+NBe-Bm] . (1 2 )  
The deg ree  of  endogene i ty  i s  t h e  same, b u t  t h e  f i n a l  demand 
v e c t o r  is  reduced by t h e  exogenous amount Bm which h a s  t o  be  
f o r e c a s t e d  by a s i d e  model. 
It i s  u s e f u l  t o  w r i t e  t h e  same model i n  an  ex tended  way. 
Some i n s i g h t s  a r e  g a t h e r e d  on t h e  i n d i r e c t  l i n k a g e s  o f  Tuscany 
w i th  t h e  rest o f  t h e  world: 
+ M B A x + NtBtrqr = t t r r r  (A x +q Btt t t t 
I n  t h i s  f o rmu la t i on ,  w e  f i n d  w i t h  t h e  l a s t  two t e r m s  b e f o r e  
t h e  e q u a l  s i g n ,  t h e  p o s s i b i l i t y  t h a t  a good imported by Tuscany 
from abroad i s  s imply s e n t  t o  t h e  r e s t  of  I t a l y .  The l a s t  t e r m  
of t h e  equa t i on  i m p l i e s  i n s t e a d  t h a t  a  good expo r t ed  abroad from 
t h e  rest o f  I t a l y  i s  s u s t a i n e d  by Tuscany 's  p roduc t ion .  I t  i s  
obvious  t h a t  s i m i l a r  f lows a r e  p r e s e n t  i n  t h e  e a u a t i o n  f o r  t h e  
rest o f  I t a l y .  
Furthermore, t h e  same decompostion shows t h e  absence of  any 
s h o r t  c i r c u i t  i n  fo re ign  t r a d e ,  which seems t o  be p r e s e n t  i n  t h e  
reduced form ( 1 2 ) .  The vec to r  [(I-N)Bf + NBe - Bm] is  indeed 
equa l  t o  (Bf - NBq - Bm] by t h e  d e f i n i t i o n  of q a s  a vec to r  of 
f i n a l  demand n e t  of f o r e i g n  e x p o r t s  and a l s o  equa l  t o  [ (I-N)Bq 
+ B(e-m) 1. This  means t h a t  t h e  f i n a l  demand component can be 
de f ined  i n  t h r e e  d i f f e r e n t  ways. 
5. TREATMENT OF REGIONAL TRADE 
Also f o r  t h e  shipments between the two r eg ions  one must 
dec ide  i f  it i s  b e t t e r  t o  cons ide r  them as compet i t ive  o r  a s  
complementary. I f  w e  cons ide r  t h e  low degree o f  s e l f - s u f f i c i e n c y  
of t h e  r e g i o n a l  economic system,we should conclude t h a t  imports  
from t h e  o t h e r  r eg ion  a r e  more complementary than compet i t ive .  
I t  does n o t  make sense  t o  p o s t u l a t e  a real p r i c e  compet i t iveness  
between regions, because t h e  s h a r e  of t h e  r e g i o n a l  market is  s o  
l i m i t e d  f o r  t h e  s e c t o r  in which there is regional t r a d e  t h a t  a f i rm  
cannot  f a c e  an i n d e f i n i t e  p r i c e  compet i t ion from o t h e r  
reg ions .  W e  a r e  then  i n c l i n e d  t o  assume complementarity i n  
r e g i o n a l  t r a d e .  I f  f u l l  capac i ty  is  reached and demand i s  r i g i d ,  
t h e  most probable  outcome w i l l  be--by a similar  argument--an in -  
crease i n  imports  (compet i t ive  i n  t h i s  ca se )  from f o r e i g n  coun- 
tries. 
I f  w e  are unable t o  d i s t i n g u i s h  t h e  import  con ten t  of i n t e r -  
mediate consumption and of f i n a l  demand and i f  w e  assume comple- 
mentarity, w e  can r e l a t e  r eg iona l  imports  simply t o  t h e  l e v e l  o f  
p roduct ion  us ing  a d iagonal  ma t r ix  of c o e f f i c i e n t s  V. With t h i s  
and by chanffing some d e f i n i t i o n s  : 
V = Irvi} r e g i o n a l  t r a d e  c o e f f i c i e n t s  (complementary); 
f  = t o t a l  f i n a l  demand ( i n t e r n a l  demand p l u s  e x p o r t s  
abroad and p l u s  r eg iona l  e x p o r t s ) ;  
q = f - e ;  
d = Ax + f  t o t a l  demand; 
w e  o b t a i n  t h e  model: 
x = [I  + Z + V - (I-M)A]- '  [ ( I -N)q  + ( e - m ) ]  . (13) 
The causa l  s t r u c t u r e  of  t h e  model i s  shown i n  F igure  3 .  
I t  h i g h l i g h t s  n o t  on ly  t h e  t i g h t  in terdependences  between t h e  
two r eg ions ,  b u t  a l s o  t h e  e x i s t e n c e  of i n d i r e c t  l i nkages  between 
a  r eg ion  and t h e  rest of t h e  world. 
Le t  u s ,  f o r  example, cons ider  Tuscany: i t s  f o r e i g n  expor t s  
a r e  l i n k e d  t o  i t s  r e g i o n a l  imports, whereas a  p a r t  of  i t s  fo re ign  
imports  a r e  l i n k e d  t o  i t s  r eg iona l  expor t s .  
If w e  admit a  c e r t a i n  degree o f  s u b s t i t u t a b i l i t y  between 
i n t e r n a l  and e x t e r n a l  p r o d u c t i o n , i t  i s  p r e f e r a b l e  t o  fol low t h e  
hypothes i s  a l r eady  made i n  t h e  preceding paragraphs.  In  t h i s  
case, i n t e r r e g i o n a l  t r a d e  flows a r e  dependent on t o t a l  demand 
(d  i n  t h i s  c a s e  i s  n e t , o f  r e g i o n a l  e x p o r t s )  and t h e  s o l u t i o n  i s  
given  by ( 1 2 ) .  The conc lus ion  i s  t h a t  f o r e i g n  and r e g i o n a l  t r a d e  
are t r e a t e d  wi th  a kind  of assymmetryj which should be c l e a r  from 
Table 2 (where q and d imply a d i f f e r e n t  d e f i n i t i o n  of f) . 
Table 2. The t r ea tmen t  of fo re ign  and r e g i o n a l  t r a d e .  
COMPLEMENTARY IMPORTS COMPETITIVE IMPORTS 
REGIONAL 
TRADE 
m FOREIGN MBAx + NBq exogenous 
TRADE 
The f a c t  i s  t h a t  compet i t iveness  o f  imports  means s u b s t i t u -  
t i o n  between the two p o s s i b l e  l o c a t i o n s  of product ion.  I n  an 
i n t e r r e g i o n a l  input-output  model, s u b s t i t u t i o n  between reg ions  
i s  p o s s i b l e  us ing  Bd ( s e e  system (5) ) , b u t  s u b s t i t u t i o n  be- 
tween c o u n t r i e s  i s  n o t  p o s s i b l e  because on ly  one n a t i o n a l  pro- 
duc t ion  is  considered and t h i s  i s  why m is  exogenous. 
W e  now focus a t t e n t i o n  on t h e  e s t i m a t i o n  of t r a d e  flows 
between reg ions .  This  problem i s  common t o  a l l  i n t e r r e g i o n a l  
models. I n  ou r  ca se ,  t h e r e  a r e  on ly  two reg ions ;  t h i s  i s  a 
very s p e c i a l  s i t u a t i o n  and should t h e r e f o r e  be s impler  t o  handle. 
More p r e c i s e l y ,  t h e  purpose of  our  a n a l y s i s  i s  t o  improve t h e  
e s t i m a t e  of f lows between t h e  two reg ions  a l r eady  obtained (Marliani 
1981 ) and used i n  t h e  a p p l i c a t i o n  of system ( 1  2) . This  e s t i m a t e  
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Figure  3 .  Causal  s t r u c t u r e  of TIM when r e g i o n a l  impor t s  a r e  
complementary ( t = Tuscany, r = t h e  rest of  I t a l y ) .  
* ( F o r e i g n  compet i t ive  imports  depend, i n  t h i s  c a s e ,  on 
t h e  excess  i n  demand over  capac i ty . )  
does  n o t  admi t ,  by d e f i n i t i o n ,  c r o s s h a u l i n g  e f f e c t s .  B a s i c a l l y ,  
it h a s  been assumed t h a t  e x p o r t s  are e q u a l  t o  a s u r p l u s ,  e x p o r t s  
and i m por t s  e q u a l  t o  a d e f i c i t  b a l ance .  
Now, i f  w e  c o n s i d e r  t h e  b a s i c  sys tem (51, w e  can  immedia te ly  
s a y  t h a t  f o r  a g iven  x  and d  t h i s  assumpt ion minimizes  t h e  i n t e r -  
a c t i o n  between t h e  two r e g i o n s .  I n  o r d e r  t o  g r a s p  t h e  problem 
b e t t e r ,  l e t  u s  c o n s i d e r  one s p e c i f i c  s e c t o r ,  i. The sys tem 
w i l l  be 
I f  w e  i g n o r e  f o r  a moment t h e  estimate o f  IRPET, t h e  unknowns 
a r e  t h e  t r a d e  c o e f f i c i e n t s  iB, w i t h  ix and id a s  g iven .  
The f i r s t  two e q u a t i o n s  o f  (14)  a l l o w  f o r  a s u b s t i t u . t a b i l i t y  
between Tuscany and t h e  rest of  I t a l y  t h a t  can  be used t o  d e f i n e  
two t r a n s f o r m a t i o n  f u n c t i o n s ,  wh i l e  t h e  t h i r d  g i v e s  t h e  c o n s t r a i n t s  
These e q u a t i o n s  a r e  r e p r e s e n t e d  i n  F i g u r e  4,. where t h e  a t t a i n -  
a b l e  a r e a  f o r  t h e  t r a d e  pa r ame te r s  i s  d e l i m i t e d  by ABCDEO. 
The two t r a n s f o r m a t i o n s  ( s t r a i g h t  l i n e s )  are r e p r e s e n t e d  
on t h e  l a t e r a l  p l anes .  T h e i r  l o c a t i o n  i s  c l e a r l y  r e l a t e d  t o  
the r e l a t i v e  v a l u e  o f  t h e  two demands dr /d t  and t o  t h e i r  composi- 
t i o n  w i t h i n  n a t i o n a l  p roduc t i on .  
* 
The f o u r t h  c o n s t r a i n t  btt  + brt - and t h e  t r a d e  b a l a n c e  
( 7 )  a r e  redundant .  I n  t h e  fo l l owing  we omi t  t h e  i. 
.gure 4. Parameter space f o r  t r a d e  c o e f f i c i e n t s  of a Chei-iery- 
Moses model wi th  two regions  (t  = Tuscany, r = resf 
of I t a l y ) .  
There i s  c l e a r l y  a l a t i t u d e  of choice and wi th  ,no informa- 
t i o n  o t h e r  than t h a t  on t h e  t r a d e  balance,  t h e  parameters f o r  
every s e c t o r  i cannot be determined. 
I f  w e  a r e  a b l e  t o  f i x  t h e  e x i s t i n g  degree of freedom ( f o r  
in s t ance ,  by choosing the p o i n t  F), t h e  s o l u t i o n  i s  immediately 
obta ined  along t h e  d o t t e d  l i n e .  But t h e r e  a r e  many p o s s i b i l i -  
t i es .  IRPET has chosen one p a r t i c u l a r  s o l u t i o n .  It i s  charac- 
t e r i z e d  by the  corner  s o l u t i o n  G I  which is  below A i f  Tuscany 
has a d e f i c i t  balance and t o  t h e  r i g h t  of A (between A and B )  
i f  Tuscany has  a surp lus .  I f  w e  now repea t  e x a c t l y  t h e  same 
procedure f o r  a d i f f e r e n t  yea r ,  w e  o b t a i n  two d i f f e r e n t  l i n e s  
of t ransformation.  I f  they i n t e r c e p t  the  former lines inside the 
admissible area OABCDE, we can assume stability for the trade 
parameters and solve the problem immediately, 
If we reject this hypothesis or if the new lines do not 
intercept the old lines in the feasible area, we have four dif- 
ferent possible situations (Figure 5). 
Figure 5. Shifting trade coefficients of a Chenery-Moses model 
with two regions, 
A t  p r e s e n t ,  however, w e  cannot apply t h e  procedure  desc r ibed  
because o f  t h e  absence of  t h e  n a t i o n a l  table 's  for 1977 and 1978. 
W e  can,  however, a t t empt  a  s e n s i t i v i t y  a n a l y s i s  of  t h e  r e s u l t s  
o f  changing t h e  t r a d e  c o e f f i c i e n t s  B a long  t h e  t r ans fo rma t ion  
l i n e s  f o r  1975. Th i s  means t h a t  s t a r t i n g  from p o i n t  G on F igure  
4 ,  w e  go down t h e  l i n e  GF dec reas ing  t h e  va lue  of  bt t ,  u s ing  ( 1  5) 
f o r  t h e  computation o f  t h e  o t h e r  c o e f f i c i e n t s .  
6 .  STRUCTURAL ANALYSIS AND FORECAST FOR TUSCANY 
I n  t h i s  s e c t i o n ,  w e  d i s c u s s  t h e  p re l imina ry  r e s u l t s  f o r  t h e  
r e f e r e n c e  vea r  1975 ob ta ined  from t h e  implementation of TIM on 
t h e  b a s i s  of  s p e c i f i c a t i o n  ( 1 1 ) .  I n  doinq so,  w e  fo l low t h e  
sequence dep ic t ed  i n  F igure  6.  
S t a r t i n g  wi th  t h e  t a b l e s  f o r  Tuscany and I t a l y  f o r  1975, w e  
b u i l d  t h e  LI b i r e g i o n a l  t a b l e ,  which h a s  t h e  c h a r a c t e r i s t i c s  
d i s cus sed  i n  Sec t ion  2 .  
We then compute t h e  c o e f f i c i e n t s  o f  t h e  system f o r  
t h a t  year--which are t h e  t e c h n i c a l  ma t r ix  A ,  t h e  import  para-  
meters M and B, the labor c o e f f i c i e n t s  L, and t h e  t r a n s f e r  c o e f f i -  
c i e n t s  2. For t h e  r e f e r e n c e  y e a r ,  w e  can immediately s o l v e  t h e  
model and check t h e  cons i s t ency  o f  t h e  s o l u t i o n  (see Sec t ion  1 ) .  
The model has  t h e  s t r i c t l y  r e c u r s i v e  s t r u c t u r e  shown i n  Table  3 .  
Table 3 .  The s t r u c t u r e  of t h e  model. 
I+Z 
-MBA 
Thanks t o  t h i s  p r o p e r t y ,  w e  can so lve  t h e  model by i n v e r t i n g  
t h e  upper block and then go down from t h e  o t h e r  unknowns: l a b o r  
requirements  1, r e g i o n a l  imports  n ,  and f o r e i g n  imports  m. 
The t r ea tmen t  of  t r a n s f e r s  o f  product ion and o f  i n p u t  c r e d i t  
s e r v i c e s  has  been based on t h e  assumptions given i n  Sec t ion  1 ,  
whereas foreign impor t s  are a l l  t r e a t e d  a s  complementary wi th  a  
common p a t t e r n  M. 
Read i n p u t  f lows o f  
t h e  LIMITED INFORMA- 
TION 1/0  TABLE 
r e f e r e n c e  y e a r  
I 
Compute t h e  Chanqe 
c o e f f i c i e n t s  t r a d i n g  
o f  t h e  model p a t t e r n  
- 
SPLIT FOR TUSCANY 
t h e  f o r e c a s t s  g i v e n  NO NO 
a t  n a t i o n a l  l e v e l  ( 
I by INFORUM 
YES 
I 
Compute i n d i c a t o r s  
SOLUTION o f  r e g i o n a l  
f o r  t h e  f lows  o f  t h e  FULL development 
INFORMATION 1/0  TABLE f o r  
t h e  t w o  r e g i o n s  A 
f o r  employment r e qu i r emen t s  YES 
by source demand 
NO 
S T O P  
F i g u r e  6 .  Flow c h a r t  o f  t h e  p r e l i m i n a r y  a n a l y s i s  c a r r i e d  o u t  
u s ing  TIM 75.  
Then fo l lows  a s t r u c t u r a l  a n a l y s i s  o f  t h e  degree  o f  i n t e r -  
d e ~ e n d e n c e  of  t h e  two r eg ions .  This  i s  based unon indexes  obtained 
from t h e  upper block sumrnina t h e  ma t r i ce s  a lonq  t h e  rows (nlar te l -  
l a t o  1980) : 
The r e s u l t s  show t h a t  t h e  t o t a l  index of  dependence of  
Tuscany on t h e  o t h e r  r eg ion  is  almost20 t i m e s  t h a t  of t h e  rest 
of  I t a l y  on Tuscany (see Table  4 ) .  
Table  4.  Regional  dependence by s e c t o r ,  1975. 
Tuscany upon Rest of I t a l y  Sector 
r e s t  of I t a l y  upon Tuscany 
Agriculture 
Coal and o i l  
Other energy forms and water 
Minerals 
Minerals, non-me tal . 
Chemicals 
Metal products 
Machinery fo r  industry,  agr. 
Other machinery 




Other food products 
Beverages 
Tobacco 
Text i les  
Footwear 
Wood and Furniture 
Paper and paper products 







Credit  and insurance 
Housing 
Other marketable services  
Non-marketable services  
T O T A L  2.694 0.139 
A t  t h i s  s t a g e ,  whi le  main ta in ing  t h e  c o e f f i c i e n t s  con- 
s t a n t ,  f o r e c a s t s  a r e  performed f o r  qiven va lueso f  f  ( t h a t  i s ,  
f o r  consumption, investment ,  and fo re ign  e x p o r t s )  . 
Another e x e r c i s e  is  t o  keep eve ry th ing  cons t an t  a t  t h e  
l e v e l  of 1975 excep t  f o r  f i n a l  demand i n  Tuscany, which is 
obta ined  from t h e  t a b l e  f o r  1977. I n  t h i s  way, it is  p o s s i b l e  
t o  assess--for  every component of t h e  exoeenous v e c t o r - - i t s  
e f f e c t  on t h e  l e v e l  o f  employment i n  Tuscany and i n  t h e  rest 
of I t a l y  and, hence,  t h e  r eg iona l  s p i l l o v e r  of  t h e  g l o b a l  
demand e f f e c t  o f  Tuscany, valued a t  c u r r e n t  p r i c e s .  
L e t  us cons ide r  t h e  n a t i o n a l  employment e f f e c t  f i r s t .  For 
a  given 1 %  i n c r e a s e  i n  p r i v a t e  consumption, p u b l i c  consumption, 
investments and foreign.exports of Tuscany, w e  g e t  an i n c r e a s e  i n  
I t a l y  of  3.2%, 3.51, U.8%, and 5.8%, r e s p e c t i v e l y .  On t h i s  b a s i s ,  
w e  should conclude t h a t  t h e  most e f f e c t i v e  demand component i s  
f o r e i g n  e x p o r t s .  
L e t  u s ,  however, cons ider  t h e  r e s u l t s  i n  t e r m s  of  e l a s t i -  
c i t y  (Table  5 ) .  
Table  5. E l a s t i c i t i e s  of employment i n c r e a s e  with  r e s p e c t  t o  
fou r  c a t e g o r i e s  of  f i n a l  demand i n  Tuscany on ly  (1977). 
F i n a l  demand Employment i n c r e a s e  
P r i v a t e  consumption 
Pub l i c  consumption 
Investment 
Foreign e x p o r t s  
We may n o t e  t h a t  t h e  e l a s t i c i t y  o f  p u b l i c  consumption i s  
t h e  h i g h e s t  (which i s  n o t  s u r p r i s i n g ) ,  b u t  a l s o  t h a t  t h e  e l a s -  
t i c i t y  of fo re ign  e x p o r t s  is  t h e  lowest  (which i s  s u r p r i s i n g ) .  
The exp lana t ion  could be t h a t  t h e  leakage i s  s t r o n g e r  f o r  
expor t -or ien ted  s e c t o r s  i n  Tuscany. W e  observe t h a t  t h e  e l a s -  
t i c i t i e s  a r e  below u n i t y ,  which means t h a t  t h e  p o s i t i v e  e f f e c t  
of t h e  increased  product ion i n  the r e s t  of  I t a l y  i s  n o t  s u f f i -  
c i e n t l y  s t r o n g  t o  counterbalance t h e  s p i l l o v e r  e f f e c t  of Tuscany 
i n  favor  of  t h e  rest of  I t a l y .  
Now l e t  u s  move t o  a  more t r a d i t i o n a l  e x e r c i s e  r e l a t e d  
t o  e v a l u a t i n g  t h e  impact  of  an i n c r e a s e  ( 1 9 7 8 )  on t h e  f i n a l  
demand i n  both  r eg ions  a t  c o n s t a n t  p r i c e s  ( 1 9 7 5 )  . 
The f i r s t  outcome o f  t h e  c o n s t r u c t i o n  of  t h e  Tuscany 
d i r e c t  input -ou tpu t  t a b l e  f o r  1978 i s  t h e  a v a i l a b i l i t y  o f  f i n a l  
demand. Having ob ta ined  comparable d a t a  f o r  I t a l y  from n a t i o n a l  
account ing s t a t i s t i c s ,  and having d e f l a t e d  t h e  f lows ,  w e  com- 
puted t h e  set  of  e l a s t i c i t i e s  shown i n  Table  6.  
Table 6 .  E l a s t i c i t i e s  o f  em~loyment  i n c r e a s e  wi th  r e s p e c t  t o  
f o u r  c a t e g o r i e s  o f  f i n a l  demand, 1978.  
F i n a l  demand Employment i n c r e a s e  Tuscany R e s t  o f  I t a l y  
P r i v a t e  consumption 1.68 2.40 
P u b l i c  consumption 1 .OO 0.99 
Investment  0.82 1.16 
Fore ign  e x p o r t s  0.95 1.09 
With r e s p e c t  t o  t h e  preced ing  s i m u l a t i o n ,  t h e  i n c r e a s e  i n  
t h e  f i n a l  demand of t h e  rest of  I t a l y  a l lows  us  t o  compute 
t h e  e l a s t i c i t i e s  f o r  t h i s  r eg ion  and t o  a d j u s t  t h e  e l a s t i c i t i e s  
o f  Tuscany. These e l a s t i c i t i e s  depend i n  t h i s  c a s e  both  on t h e  
d i r e c t  and t h e  i n d i r e c t  e f fecks .  The f i r s t  i s  t h a t  produced 
l o c a l l y  by t h e  i n c r e a s e  i n  l o c a l  f i n a l  demand, whereas t h e  
second is  genera ted  by t h e  feedback given by i n t e r r e g i o n a l  
t r a d e .  
The d i f f e r e n c e  between t h e  two e l a s t i c i t i e s  i s  s t r o n g  
on ly  i n  two cases :  p r i v a t e  consumption, and investment .  I n  
t h e  remaining two c a s e s ,  t h e  r e l a t i v e  i n c r e a s e  i n  t h e  l e v e l  o f  
employment i s  very  c l o s e  t o  t h e  r e l a t i v e  i n c r e a s e  i n  t h e  f i n a l  
demand component. 
For p r i v a t e  consumption and investment ,  t h e  demand e f f e c t s  
seem t o  f avo r  t h e  rest  of  I t a l y .  T h i s  i s  c l e a r l y  a  r e s u l t  o f  t h e  
lower s e l f - s u f f i c i e n c y  o f  Tuscany, e s p e c i a l l y  i n  l i g h t  
i n d u s t r y .  I n  both  r e g i o n s ,  f i n a l l y ,  t h e  employment e f f e c t  o f  
p r i v a t e  consumption i s  twice  t h a t  of  investment, which i s  t o  
be expected.  
7.  FUTURE DEVELOPMENT OF TIM 
I n  t h e  f i r s t  s e c t i o n ,  t h e  r e l evance  of  ana lyz ing  t h e  t r a d e  
r e l a t i o n s  of a  r eg ion  such a s  Tuscany, r a t h e r  t han  ana lyz ing  t h e  
f a c t o r  m o b i l i t y  of p r i c e  r e l a t i o n s ,  has  been s t r e s s e d .  The hypo- 
t h e s i s  has  been t h a t  t h e  l e v e l  o f  i n t e r n a l  economic a c t i v i t y  i n  
a  very open r e g i o n  i s  n e c e s s a r i l y  s t r o n g l y  in f luenced  by i t s  
t r a d e  r e l a t i o n s .  
One may wonder whether t h e  r e s u l t s  d i s cus sed  i n  t h e  prece- 
d ing  s e c t i o n  are s u f f i c i e n t l y  c l e a r  and convincinq t o  v a l i d a t e  our 
hypothes i s .  C e r t a i n l y ,  w e  have t o  t a k e  account  of t h i s ,  which 
means t h a t  w e  have t o  be prepared t o  r e j e c t  t h e  hypo thes i s .  
There i s  ano the r  argument i n  favor  of  an a n a l y s i s  focused on 
t r a d e  r e l a t i o n s .  I t  i s  t h a t  t h e  fundamental t a s k  of  TIM and 
o t h e r  models developed w i t h i n  t h e  Tuscany case  s t u d y  i s  t o  a i d  
i n  a s u f f i c i e n t l y  comprehensive assessment of  t h e  economic 
impact  of  n a t i o n a l  po l ' i c i e s  a t  t h e  r e g i o n a l  l e v e l .  I t  i s  
doub t fu l  whether such a s  assessment  could indeed be made with- 
o u t  cons ide r ing  t h e  i n t e r i n d u s t r i a l  and i n t e r r e g i o n a l  r e l a t i o n s  
of  t h a t  r eg ion .  Without t h e s e  dimensions,  a model cannot  g i v e  a 
c o r r e c t  estimate of  t h e  income o r  employment m u l t i p l i e r s  and 
r e g i o n a l  s p i l l o v e r s .  
I t  should be c l e a r  t h a t  TIM a lone  cannot  comprehensively 
e v a l u a t e  t h e  r e g i o n a l  e f f e c t s .  I t  c o n s t i t u t e s  t h e  s t a r t i n g  
p o i n t  and can be considered as t h e  co re  o f  a  system of  models. 
I n  t h i s  way, w e  a r e  induced t o  s t a t e  some p o s s i b l e  f u t u r e  devel-  
opments o f  t h e  c u r r e n t  v e r s i o n  o f  TIM having a s  a k e r n e l  t h e  
i n t e r r e g i o n a l  t r a d e  p a t t e r n .  
I n  s o  doing,  w e  f i n d  a t  l e a s t  t h r e e  d i f f e r e n t  avenues o f  
f u t u r e  r e s e a r c h .  These f u t u r e  developments w i l l  imply s o l u t i o n  
procedures  t h a t  d i f f e r  from those  t h a t  a r e  c u r r e n t l y  used. 
A. I n  i t s  p r e s e n t  s t a t e ,  TIM i s  a l i n e a r  s t a t i c  r e c u r s i v e  sys-  
tem of  equa t ions  of  smal l  dimensions. Because o f  t h e  l i m i -  
t a t i o n s  of  t h e  d a t a  base ,  t h e  t r ea tmen t  o f  t r a d e  r e l a t i o n s  
i s  very  s imple  bo th  f o r  r e g i o n a l  and fo re ign  r e l a t i o n s .  I t  
i s  so lved  i n  a  way t h a t  t r ies  t o  t a k e  advantage o f  i t s  
i n t r i n s i c  r e c u r s i v e n e s s .  F i r s t l y ,  t h e  s o l u t i o n  f o r  produc- 
t i o n  i s  ob ta ined  by s t r a i g h t  i n v e r s i o n ,  then the v e c t o r s  of  
employment, regional Wrts, and fo re ign  imports a r e  computed 
f o r  given parameters and v e c t o r s  o f  exogenous demand. 
B. One way t o  improve t h e  f e a t u r e s  of t h e  model could be a 
more s o p h i s t i c a t e d  t rea tment  of t r a d e :  d i f f e r e n t i a t i o n  of  
t r a d e  p a t t e r n s  f o r  in te rmedia te  consumption and f i n a l  use ,  
and wi th in  t h i s ,  f o r  f i n a l  consumption and investment.  For 
fo re ign  t r a d e  it would a l s o  be u s e f u l  t o  s e p a r a t e  compet i t ive  
imports from complementary imports.  This  would imply a 
r i c h e r  d a t a  base ( d i r e c t  t a b l e  f o r  1978) ,  b u t  t h e  s o l u t i o n  
procedure descr ibed  under A would s t i l l  remain v a l i d .  These 
improvements a r e  i n t e r n a l  improvements t o  a model t h a t  can 
g ive  only  short - term f o r e c a s t s .  
C. A second way would be t o  r e l a x  t h e  assumption of parameter 
s t a b i l i t y ,  i n  o r d e r  t o  make t h e  model capable  of giv- 
i n g  long-range p r o j e c t i o n s .  Aside from t h e  obvious poss i -  
b i l i t v  of changing t h e  t e c h n i c a l  c o e f f i c i e n t s ,  p a r t i c u l a r  
a t t e n t i o n  should be given t o  t h e  s t a b i l i t y  hypothes is  f o r  t h e  
r eg iona l  t r a d e  c o e f f i c i e n t s  , because of  t h e i r  high degree of 
i n s t a b i l i t y  and because of t h e  possibility of obtaining endogenously 
a b e t t e r  e s t i m a t e  of regional trade. Since the mthod of doing this 
has been presented elsewhere (Mar te l l a to  1981b1, w e  need only 
mention here  t h a t  cons is tency  of equ i l ib r ium between t h e  pro- 
duc t ion  a l l o c a t i o n  and t r a d e  p a t t e r n s  has  t o  be reached. The 
model becomes non-l inear  because some of  i t s  parameters a r e  
s imultaneously determined i n  t h e  course  o f  t h e  s o l u t i o n  of 
t h e  product ion l e v e l .  
There a r e  e s s e n t i a l l y  fou r  p o s s i b i l i t i e s :  
- t o  break t h e  s imul t ane i ty  by spec i fy ing  exogenously a 
t r e n d  f o r  t h e  t r a d e  parameter us ing  employment d a t a  o r  
lagged product ion d a t a  by s e c t o r  and regbon; 
- t o  assume op t imiza t ion  behavior f o r  t h e  economic agents  
and t o  minimize t o t a l  t r a n s p o r t  c o s t s ;  
- t o  assume conserva t ive  behavior of  agents  and t o  mini- 
mize t h e  information given by t h e  new p a t t e r n  of  pro- 
duc t ion  and t r a d e  i n  r e l a t i o n  t o  t h e  o l d  p a t t e r n s  f o r  
a given exogenous demand; 
- t o  use an i t e r a t i v e  technique of  power expansion of t h e  
inve r se  of  t h e  c u r r e n t  c o e f f i c i e n t  matr ix  of t h e  model. 
D. The t h i r d  avenue f o r  p o s s i b l e  f u t u r e  developments i s  t h a t  o f  
i n c r e a s i n g  t h e  scope of  t h e  model i t s e l f .  This  can imply an  
inc reased  cons is tency  wi th in  TIM a s  it c u r r e n t l y  s t ands .  
This  can be done by t ransferr ing--where  possible--some 
of t h e  c u r r e n t  f i n a l  demand components from t h e  exogenous 
vec to r  t o  t h e  i n v e r t i b l e  matr ix:  consumption, investment ,  
expor t s  abroad. A l t e r n a t i v e l y ,  it can r e q u i r e  t h e  implemen- 
t a t i o n  of  s a t e l l i t e  -1s t o  be appended t o  TIM. This  can be 
done f o r  oonsmptian, investment, and f o r e i g n  e x p o r t s ,  bu t  a l s o  
f o r  t h e  demographic-migration component, housing investment ,  
energy and environmental  a s p e c t s ,  water  demand, f i n a n c i a l  
markets,  p u b l i c  f inance .  An a l t e r n a t i v e  would be  t o  b u i l d  a  
s a t e l l i t e  model f o r  investment ( t h e  same a s  for exports and con- 
sumption) aiming t o  f i n d  t h e  s h a r e  of Tuscany w i t h i n  a f o r e c a s t e d  
n a t i o n a l  t o t a l .  This  k ind  of model has  a l r e a d y  been used f o r  
some reg ions  i n  I t a l y  (Mar t e l l a to ,  1 9 8 0 ) .  
A l l  t h e s e  p o s s i b i l i t i e s  imply t h a t  t h e  model w i l l  become much 
l a r g e r .  A more a p p r o p r i a t e  s o l u t i o n  procedure i s  t h e r e f o r e  
i n  o r d e r ,  because t h e  model would s t a n d  a s  a  l a r g e  l i n e a r  
model wi th  many equa t ions  and a  s p a r s e  mat r ix  of  c o e f f i c i e n t s .  
One should t r y  t o  so lve  it by inve r s ion  us ing  an appro- 
p r i a t e  r o u t i n e  f o r  s p a r s e  mat r ix  inve r s ion  o r  t r y  t o  
t a k e  advantage of  t h e  c a u s a l  s t r u c t u r e  of t h e  mat r ix .  
Thus, one could s o l v e  p a r t  of  t h e  model r e c u r s i v e l y  and 
then  use a  Gauss-Seidel i t e r a t i o n  f o r  t h e  simultaneous 
p a r t  of it. 
A s p e c i a l  ca se  of  p o i n t  D occurs  when t h e  investment i s  made 
endogenous w i t h i n  t h e  input-output  model v i a  a  ma t r ix  of  
c a p i t a l  c o e f f i c i e n t s  ( fo l lowing  t h e  work of  L e o n t i e f ) .  I n  
t h i s  c a s e ,  t h e r e  a r e  two problems. The f i r s t  i s  t h e  est ima- 
t i o n  of t h e s e  c o e f f i c i e n t s ,  t h e  second i s  t h e  s o l u t i o n  pro- 
cedure,which r e q u i r e s  s p e c i a l  a t t e n t i o n .  The model becomes 
dynamic and i t s  s t r u c t u r a l  mat r ix  i s  no longer  i n v e r t i b l e  
because t h e  c a p i t a l  s t o c k  c o e f f i c i e n t s  mat r ix  i s  t y p i c a l l y  
s i n g u l a r .  
While t h e  second problem can be  so lved  i n  s e v e r a l  ways, t h e  
f i r s t  i s  a  c h a l l e n g i n g  one w i thou t  a  d i r e c t  measure of  t h e  
s t o c k  o f  c a p i t a l ,  and t h e  p o t e n t i a l  o u t p u t  by s e c t o r .  T h i s  
problem, however, can be  t a c k l e d  w i th  p rocedures  advanced, 
f o r  example, by Andersson and M a r t e l l a t o  ( 1980)  . Why should  
w e  cha l l enge  t h e  d i f f i c u l t i e s  o f  t h e  implementat ion o f  a b i -  
r e g i o n a l  dynamic inpu t -ou tpu t  model? O r ,  i n  o t h e r  words, 
why do w e  c o n s i d e r  a  s t a t i c  model t o  be  u n s a t i s f a c t o r y  and 
t r y  t o  o b t a i n  i t s  dynamic c o u n t e r p a r t ?  
The s t a t i c  inpu t -ou tpu t  model c l e a r l y  p rov ides  a  powerful  and 
f l e x i b l e  approach more s u i t e d  t o  r e g i o n a l  economic problems 
than  a  more aggrega ted  technique .  However, t h e r e  are a t  l eas t  
t h r e e  arguments i n  f avo r  of  t h e  dynamic inpu t -ou tpu t  model. 
The f i r s t  i s  t h e  f a c t  t h a t  t h e  m u l t i p l i e r s  o f  a s t a t i c  model 
do n o t  p rov ide  any in format ion  about t h e  t i m e  p a t h  of  t h e  
economic system, t hey  simply g i v e  t h e  impact  of  t h e  f i r s t  
p e r i o d  and d i s r e g a r d  t h e  lagged response  o f  t h e  system. 
The second argument i s  r e l a t e d  t o  t h e  shor t - t e rm charac-  
ter is t ics  of s t a t i c  i n p u t - o u t p u t  a n a l y s i s .  Because 
r e g i o n a l  growth d i s p a r i t i e s  a r e  always s t r o n g  and 
o f t e n  r e l a t e d  t o  b u s i n e s s  c y c l e s ,  and because  r e g i o n s  
i n e v i t a b l y  show deep i n t e r a c t i o n s ,  w e  should  a l s o  pay 
a t t e n t i o n  t o  t h e  r e g i o n a l  growth l i n k a g e s .  However, 
a  s t a t i c  model cannot  t r a c e  t h e  dynamic ( o r  long-run) 
feedbacks.  
F i n a l l y ,  w i t h  a  s t a t i c  model, w e  a r e  fo rced  t o  g i v e  a  
r e g i o n a l  and s e c t o r a l  breakdown on ly  o f  t h e  t r a d e  f lows 
gene ra t ed  by i n t e r m e d i a t e  consumption, d i s r e g a r d i n g  
t h o s e  l i n k e d  t o  c a p i t a l  format ion.  I t  fo l l ows  t h a t  
on ly  w i th  a  dynamic inpu t -ou tpu t  model can w e  o b t a i n  
unbiased i n t e r r e g i o n a l  m u l t i p l i e r s .  
REFERENCES 
Andersson, ;.E. and D .  Mar te l l a to .  1980. Est imat ion of Para- 
meters of Dynamic Input-Ouput Models wi th  Limited Informa- 
t i o n .  WP-80-118. Laxenburg, Aus t r i a :  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Applied Systems Analysis .  
C a v a l i e r i ,  A. 1980. Development pa ths  and placement w i t h i n  
t h e  i n t e r n a t i o n a l  and i n t r a n a t i o n a l  and n a t i o n a l  contex t :  
t h e  Tuscany case .  Paper presented  a t  t h e  F i r s t  I t a l i a n  
Regional Science Conference, Rome. 
C a v a l i e r i ,  A. 1981. I n t e r n a t i o n a l  Trade Linkages i n  I n t e r r e -  
g i o n a l  1/0 Economic Modeling: The Model f o r  t h e  Tuscany 
Case Study. WP-81-150. Laxenburg, Aus t r i a :  I n t e r n a t i o n a l  
I n s t i t u t e  f o r  Applied Systems Analysis .  
Lundqvis t ,  L. 1981. M u l t i s e c t o r a l  and mul t i r eg iona l  a n a l y s i s  
of a  smal l  open economy: t h e  Swedish case .  Paper presented  
a t  t h e  I n t e r n a t i o n a l  Conference on " S t r u c t u r a l  Economic 
Analysis  and Planning i n  T i m e  and Space", umez, Sweden, 
June 22-26.  
Marl ian i ,  G. 1981. La ma t r i ce  toscana d e l  1977: a lcune 
v e r i f i c h e  s t a t i s t i c h e  s u l l e  i p o t e s i  d i  cons t ruz ione  
e s u i  metodi d i  s t ima.  Florence: IRPET. 
Mar te l l a to ,  D .  1981a. S t r u c t u r a l  a n a l y s i s  wi th  an updated in-  
t e r r e g i o n a l  input-output  model f o r  I t a l y ,  1977. Ricercne 
Economiche 3 5 ( 1 , 2 )  . 
Mar te l l a to ,  D. 1981b. Consistency and f e a s i b i l i t y  i n  i n t e r r e -  
g i o n a l  input-output  p r o j e c t i o n s .  Paper presented  a t  t h e  
I n t e r n a t i o n a l  Conference on " S t r u c t u r a l  Economic Analysis  
and Planning i n  T i m e  and Space", umea, Sweden, June 22-26.  
Snickars ,  F. 1981. I n t e r r e g i o n a l  and I n t e r n a t i o n a l  Linkages 
i n  Mul t i r eg iona l  Economic Models. WP-81-00. Laxenburg, 
Aus t r i a :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Applied Systems Analysis .  
Snickars ,  F. and A. Granholm. 1981. A Mult i reg iona l  Planning and 
Forecas t ing  Model wi th  Spec ia l  Regard t o  t h e  Pub l i c  Sec to r .  
WP-81-00. Laxenburg, Aus t r i a :  I n t e r n a t i o n a l  I n s t i t u t e  f o r  
Applied Systems Analysis .  
